A cytogenetic investigation was carried out on specimens of Liza ramada, a mugilid species common in the Mediterranean sea. The analysis of chromosomes was performed through Ag-staining, C-banding, chromomycin A3 and DAPI staining, and fluorescent in situ hybridization with ribosomal genes. The results obtained are discussed with respect to cytotaxonomic implications and to the features of NORs.
Introduction
Liza ramada is a mugilid species (grey mullet) that inhabits the Mediterranean Sea, the Black Sea and the Atlantic Ocean from Morocco to Scandinavia (Tortonese, 1975) . In the Mediterranean this fish is quite common and lives sympatrically with other mullets that show similar external morphology, including three congeneric species, L. saliens, L. aurata and L. carinata. Previous cytogenetic studies on five, out of more than 20 Liza species (Table 1) , reported the chromosome number and morphology, and the location of silver stained nucleolar organizer regions (Ag-NOR5), but further data on NORs and on heterochromatin distribution and composition are still lacking. This paper reports karyological data on L. ramada obtained through several staining techniques, including fluorochrome staining and fluorescent in situ hybridization (FISH), and analyses these data from a cytotaxonomic perspective.
Materials and methods
Eleven specimens of L. ramada were collected from Civitavecchia (Italy), transported to the laboratory of the Department of Human and Animal Biology and kept alive until processed. Metaphases were obtained from cephalic kidney and spleen after injection of 0.1 mL of 1 mg/mL Colcemid, following the standard air-drying procedure. Colloidal silver *Correspondence E-mail: sola@axrma.uniromal.it 1997 The Genetical Society of Great Britain. 83 staining of NORs was performed following Howell & Black (1980) , and C-banding according to Sumner (1972) . Fluorochrome staining with chromomycin A3 (CMA3, GC-specific) and DAPI (AT-specific) was carried out as described in Sola et at. (1992) . In situ hybridization was carried out with a 2 kb fragment of human 18S rDNA biotinilated probe following Lawrence et at. (1988) .
Results
Cytogenetic observations are reported in Table 2 . Among the 48 chromosomes of the complement, only the two smallest ones, pair 24, are identifiable both for their size and for the presence of short arms (Fig. la) . Sequential staining with Giemsa and silver nitrate (Fig. la,b , respectively) revealed the presence of active nucleolar organizer regions located terminally on the short arms of these chromosomes. No other NOR was detected with silver staining. The number of Ag-NORs was verified by counting the number of Ag-nucleoli in the nucleus (Table 2 ). Differences in size of the two NORs were found, some of the specimens exhibiting homomorphic (Fig. ic) , others heteromorphic NORs (Fig. id) .
Hybridization with the rDNA probe confirmed the number and location of Ag-NORs as well as NOR heteromorphism. In some specimens, differences in intensity and size of the hybridization signal were detected between homologues such that one of the NORs appeared twice as long as its homologue Arefyev, 1989 *When in parentheses, fundamental number calculated by present authors. tA, Ag-NOR localization on the short arms of the submetacentric chromosome pair. ( Fig. 2a) . Hybridization signals were scattered throughout the whole short arm of chromosome pair 24 (Fig. 2a,c) , as evident from observing the same chromosomes DAPI-counterstained (Fig. 2b,d) . A similar pattern was obtained with chromomycin A3 (Fig. 3a) both on untreated slides and after FISH. ( Fig. 3a and 2e ).
DAPI staining produced a pale fluorescence on the GC-rich NORs, and a uniform staining along the rest of the chromosome arms including the centromeres. Thus, no AT-rich chromosome region was found. C-banding showed a mostly pericentromeric location of heterochromatjn in L. ramada. Heterochromatic blocks were present at the centromeres of all chromosomes and on the whole short arms of chromosomes pair 24, including NORs (Fig. 3b) .
Discussion
A karyotype composed of 48 acrocentric chromosomes is considered to be ancestral for all teleosts (Ohno, 1974) , and it is shown by 211 among 660
The Genetical Society of Great Britain, Heredity, 79, 83-87. species of Perciformes so far karyotyped (Klinkhardt et al., 1995) . For the five mugilid species investigated for this a maximum of two NORs has been found, located on the telomeric region of the long arms of chromosome pair 1 in Mugil platanus (Jordão et al., 1992) and M cephalus (Rossi et a!., 1996) , and on the short arms of chromosome pair 24 in Liza species (Table 2 ) and in Chelon labrosus (Delgado et a!., 1991) . It is therefore possible to hypothesize that the Liza and the Chelon karyotypes were derived from a translocation event that affected the acrocentric ancestral chromosome comp'ement found in Mugil that involved NORs. This hypothesis seems to
The Genetical Society of Great Britain, Heredity, 79, 83-87. be supported by comparing several features of the karyotypes. In the two mentioned Mugil species, the larger size of chromosome pair I makes these chromosomes much more easily identifiable among the remaining ones of the karyotype than in Liza and Chelon. Meanwhile the presence of bibrachial chromosome (pair 24) characterizes only the species of the last two genera, similar chromosomes being absent in Mugil (Fig. 4) . The mostly pericentromeric distribution of constitutive heterochromatin is similar to that already reported for the only two other mugilid species for which comparative data are available, M platanus (Jordão et a!., 1992) and M. cephalus (Rossi et al., 1996) . In the former species no other C-positive site was detected, whereas in both Mi cephalus and L. ramada a further heterochromatic block was associated with the NORs. GC/AT-specific staining showed that in spite of this similar distribution, the base composition of the pericentromeric heterochromatin was different in the two species. A uniform base composition was observed in Mi cephalus, whereas in L. ramada this heterochromatin was brightly stained with CMA3, i.e. GC-rich, compared to what is commonly reported for fish, where only NORs are generally known as preferential sites of GC-accumulation. As far as NORs are concerned, the results (Pendas et al., 1993a) ; 16 minor transcriptionally inactive NORs were also identified after rDNA/ FISH in brown trout (Pendas et a!., 1993b) . We think that in L. ramada part of the NOR could be either silent, because of a different condensation of the rDNA-containing chromatin, or transcriptionally active but at a nondetectable rate. Whichever is the case, the presence of NORs flanking GC-rich heterochromatin, quite common in fish (Amemiya & Gold, 1986; Mayr et al., 1988; Phillips & Hartley, 1988) , associated and/or interspersed to rDNA, could explain heteromorphism of NORs (Pendas et al., 1993a,b; Salvadori et al., 1995) as a polymorphism in the number of ribosomal sequences, although the origin of such heterochromatin remains unclear. In Atlantic eels (Salvadori et a!., 1995) and lake trout (Reed & Phillips, 1995 
